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Abstract 
Jatropha curcas oil seed is used as an alternative energy to replace fossil fuel. J. curcas genome can be modified by adding 
desired gene using Agrobacterium transformation to develop J. curcas plant quality. The explants regeneration was carried out in 
tissue culture solid medium. However, established tissue culture method may not give the same result due to genetic variation 
from the explants. The media optimization was done by combining IBA and BAP for callus induction and combination of IBA, 
BAP, and GA3 for shoot induction. The most optimum media for Jatromas callus induction was BIL and SIG for shoot induction. 
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Nomenclature 
 
IAA indole 3-acetic acid 
IBA indole 3-butyric acid 
2.4- D 2.4 dichlorophenoxy acetic acid 
NAA α-naphthalenacetic acid 
BAP       benzylaminopurine 
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GUS β-glucuronidase 
1. Introduction 
Jatropha curcas is a species of small flowering plant belonging to Euphorbiaceae family. The plant which 
originated from Central America is highly adaptable and recognize as a potential biofuel crop. J. curcas plants    are 
able to produce up to 8 tons/dry seed/ha with oil extraction rate around 30-40% [1, 2].  J. curcas genome can be 
altered by gene transformation using A.  tumefaciens  to maximize oil production from J. curcas seed [3]. 
Agrobacterium is a soil-borne Gram-negative phytopathogenic bacterium that naturally infects different plants 
[4]. These phytopathogens are able to do interkingdom horizontal gene transfer and causing several plant diseases 
such as crown gall disease [5]. When virulent strains of Agrobacterium infect plant cells, they transfer one or more 
segments of DNA (transferred DNA or T-DNA) from the Ti (Tumor inducing) or Ri (Root inducing) plasmids into 
the host plant cells [6]. In this research pCAMBIA 1303 were inserted with gus gene and cloned inside A. 
tumefaciens. Escherichia coli β-glucuronidase (gus) gene were widely used as a gene fusion marker for analysis of 
gene expression in transformed plant [7].  
Transformed explants need to be regenerated in order to produce transgenic plants. Many researches had been 
done in order to establish Jatropha tissue culture technique [8, 9]. However, the regeneration may not give optimum 
result due to genetic variation of the explants [1].  
Plant growth hormones (i.e. auxin and cytokinin) are commonly used for tissue culture regeneration. A right 
ratio between auxin and cytokinin can induce callus and organogenesis [10]. Shoot can be induced with high level of 
cytokinin and low level of auxin [11, 12]. On the other hand, roots usually induce with high level of auxin [11,12]. 
These are caused by auxin capability to promote cell elongation and cytokinin is able to promote cell division [13].  
 Auxins that are commonly used in tissue culture are indole 3-acetic acid (IAA), indole 3-butyric acid (IBA), 
2.4 dichlorophenoxy acetic acid (2.4- D), and α-naphthalenacetic acid (NAA). Cytokinin that commonly used is 
benzylaminopurine (BAP). Synergistic effect of BAP and IBA was proven the capability to induce callus on 
Jatropha [3, 6, 14]. Mazumdar et al. stated that combination of 1.5 mg l-1 BAP and 0.05 mg l-1 IBA could induce 
differentiation and callus induction on cotyledon explants of Jatropha and combination of 1.5 mg l-1 BAP, 0.05 mg 
l-1 IBA, and 0.5 mg l-1 GA3 was able to promote shoot inductions [9]. Gibberellic acid (GA3) is also one of plant 
growth hormones which induce stem and root growth [15]. 
Several studies also have been conducted to develop gene manipulation of J. curcas genome. Li et al. has 
successfully transformed J. curcas cotyledon explants using A. tumefaciens strain LBA4404 and regenerate the 
explants using MS medium supplemented with 1.5 mg l-1 BA, 0.05 mg l-1 IBA, 1 mg l-1 phosphinothricin and 500 
mg l-1 cefotaxime indicated about 55 % of the cotyledon explants produced callus [3]. After 4 weeks, the callus were 
subcultured to shoot induction medium containing 1.5 mg l-1 BAP, 0.05 mg l-1 IBA, 0.5 mg l-1 GA3, 1mg l-1 
phosphinothricin, and  250 mg l-1 cefotaxime and about 33% of the resistant callus differentiated into shoot.  
J. curcas genotype Jatromas will be used as the source of the explants for the transformation. Tissue culture 
media optimization and genetic transformation of J. curcas genotype Jatromas needs to be implemented in order to 
support further research, especially Jatropha transgenic construction research.   
2. Materials and methods 
2.1 Plant material 
J. curcas genotype Jatromas seed were collected from PT Bumimas Eka Persada. Cotyledons from the seed 
were used for the transformation as explants. The seed were peeled and soaked in sterile water for 15 hours. The 
next day the seed were sterilized by using 20% sodium hypochlorite solution for 20 minutes with 200 rpm agitation. 
The seeds then rinsed four times with sterilized water and soaked in 70% ethanol for 5 minutes without agitation. 
The seed then rinsed three times with sterilized water. Inside the laminar flow, the seed were dried and cut and 
cotyledon were extracted as transformation explants.  
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2.2 Genetic transformation  
Genetic transformation was conducted by using A. tumefaciens which already cloned with pCAMBIA 1303 
plasmid. Inside pCAMBIA 1303, a repoter gene called gus gene with CAMV35s promoter has already inserted in 
order to detect J. curcas genotype Jatromas explants susceptibility. 
A. tumefaciens containing pCAMBIA 1303 were grown in LA liquid medium on room temperature overnight 
with 200 rpm agitation. For transformation, the culture was pelleted and its optical density was adjusted to 0.4-0.5 
with modified liquid MS medium. The explants then soaked in MS medium containing A. tumefaciens for 20 
minutes. The explants were co-cultivated on modified MS medium for three days. Decontamination was done by 
soaking transformed explants in liquid MS containing 100 mg l-1 timentin and 0.2% plant preservative mixture with 
agitation. The explants then rinsed three times with sterilized water and will be regenerated to new plantlet by using 
tissue culture technique.  
 
2.2. GUS assay 
 
GUS assay was conducted to observe glucuronidase enzyme activity which encoded by gus gene. Transformed 
cotyledon explants which already co-cultivated and decontaminated were soaked in X-gluc solution overnight. The 
colours of cotyledon explants were observed after 15 hours incubation on 37ºC. 
 
2.3. Media optimization  
 
Combination treatment of IBA and BAP were used for callus induction and for shoot induction combination of 
IBA, BAP and GA3 were tested (Table 1 & Table 2).  
 
    Table 1.Media of callus induction treatment. 
Code BAP (mg l-1) IBA(mg l-1) 
BIA(control) 0 0 
BIB 0 0.01 
BIC 0 0.05 
BID 0 0.10 
BIE 1 0 
BIF 1 0.01 
BIG 1 0.05 
BIH 1 0.10 
BII 1.5 0 
BIJ 1.5 0.01 
BIK 1.5 0.05 
BIL 1.5 0.10 
BIM 2 0 
BIN 2 0.01 
BIO 2 0.05 
BIP 2 0.10 
  
For callus induction media optimization, replications of the treatment were done two times with four repetitions. 
Each repetition used five explants. Explants were planted for 30 days with dark condition. After one month, the 
diameter of induced calli were measured and analysed with Duncan test. 
 
    Table 2. Media of shoot induction treatment. 
Code BAP(mg l-1) IBA(mg l-1) GA3(mg l-1) 
SIA 1 0.05 0.5 
SIB 1 0.25 0.5 
SIC 1 0.5 0.5 
SID 1.5 0.05 0.5 
SIE 1.5 0.25 0.5 
SIF 1.5 0.5 0.5 
SIG 2 0.05 0.5 
SIH 2 0.25 0.5 
SII 2 0.5 0.5 
Control(-) 0 0 0 
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Replication treatments of shoot induction media optimization were done two times with nine and three 
repetitions, respectively. Each repetition used five explants. The explants were planted for 30 days with 18 hours 
light incubation and the number of induced shoot was counted. The data then were analyzed with Duncan test. 
3. Results and discussion 
   A. tumefaciens is known for its T-plasmid that capable to transfer desired gene to plants. Glucuronidase gene is 
capable to convert X-gluc (5-bromo-4-chloro-3-indolyl glucuronide) substrate into glucuronic acid and proceeded 
by oxidation dimerization it will turn into 5.5’-dibromo-4.4’-dichloro-indigo, a compound that coloured blue. The 
GUS assay result showed that the cotyledon turned blue which mean glucuronidase gene can be transferred into J. 




(a)                                                                                                (b) 
 
Fig. 1. (a) GUS assay result of transformed cotyledon of J. curcas; (b) GUS assay negative control. 
  
 
Fig. 2. Callus induced from cotyledon explants after 30 days on BIL media.  
 
Regeneration of the explants started with callus formation. Combinations of IBA and BAP were proven the 
capability to induce callus (Fig 2). Calli started to grow from day 5 after incubation. The results from two sets of 
treatment were not significantly different and the data were combined to the determined the average diameters. The 
most optimum media for callus induction is BIH (1 mg l-1 BAP + 0.10 IBA) the diameter resulted 13.50 mm and 
BIL (1.5 mg l-1 BAP + 0.10 mg l-1 IBA) the diameter resulted 14.10 mm (Fig 4).  Both of the result were not 
significantly different and also produce 100% callusing. However, BIL which had bigger callus will be used for 
further research as callus induction media.  
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Fig. 3. Shoot induced from callus after 30 days on SIG media.  
 
Shoot induction media were determined by shoot induction percentages from the callus that produce from callus 
induction treatment. The most optimum media for shoot induction was SIG (2 mg l-1 BAP + 0.05 mg l-1 IBA + 0.5 
GA3) with 45% of shoot induction (Fig. 5).  
The callus induced from the treatment was not screened for its quality. Further research needs to determine the 
quality of the callus per treatment in order to produce more shoots. There are several types of callus, such as friable, 
bubble, and compact. Callus also can have different colours such as, green, white, brown, cream, and light green. 
Different callus types and colours lead to different capability of producing shoot [16].  
 










Diameter of  
Callus 
Set 1 (mm) 
Formation of  
Callus  (%) 
Diameter of  
Callus 
Set 2 (mm) 
Formation of  
Callus  (%) 







f 75.00 1.66f 80.00 1.84e 77.50c 
BIB 2.90f 50.00 2.02f 75.00 2.38e 62.50d 
BIC 2.87f 75.00 2.04f 90.00 2.48e 82.50bc 
BID 1.71f 85.00 1.73f 75.00 1.69e 80.00c 
BIE 7.90e 100.00 6.65e 100.00 7.26d 95.00a 
BIF 8.57ed 85.00 7.45de 100.00 7.97d 92.50ba 
BIG 13.00bac 100.00 10.75abc 100.00 11.88bc 100a 
BIH 15.45a 100.00 11.55ab 100.00 13.50ba 100a 
BII 10.15edc 90.00 9.90cbd 100.00 10.08c 95a 
BIJ 12.20bc 100.00 8.15cde 95.00 10.23c 97.5a 
BIK 12.15bc 100.00 11.04abc 95.00 11.56bc 97.5a 
BIL 14.95ba 100.00 13.25a 100.00 14.10a 100a 
BIM 12.90bac 100.00 9.70cbd 100.00 11.30c 100a 
BIN 10.90dc 100.00 10.70abc 100.00 10.80c 100a 
BIO 12.25c 100.00 10.10cbd 100.00 10.95c 100a 
BIP 12.45bc 100.00 11.51ab 90.00 12.00bc 95a 
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        Table 4. Percentage of shoot induction. 
Treatment 
Percentage of Shoot 
Induction (%) 
Set 1 
Percentage of Shoot 
Induction (%) 
Set 2 
Average of Shoot 
Induction (%) 
SIA 16.00 20.00 18.00ab 
SIB 28.00 22.20 25.10ab 
SIC 4.00 50.00 27.00ab 
SID 4.00 11.10 7.55b 
SIE 12.00 33.33 22.67ab 
SIF 32.00 44.00 38.00ab 
SIG 36.00 55.56 45.78a 
SIH 20.00 33.33 26.67ab 
SII 12.00 27.78 19.89ab 
Control (-) 4.00 11.11 7.56b 
4. Conclusion 
Plasmid CAMBIA 1303 contained glucuronidase gene was successfully transformed into J. curcas cotyledon 
explants and could be expressed by the plant. In the future glucuronidase gene can be substituted with desired gene 
which can maximize oil production from J. curcas seeds. An established callus induction and shoot induction media 
has also been determined for J. curcas genotype Jatromas cotyledon explants. 
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